Physical activity, a key component of maintaining health, is becoming an essential alternative in reducing medical expenses for the old people. This research was intended to analyze 51 research papers published in the Journal of Exercise Rehabilitation (JER) through semantic network analysis. The subjects of the study were the keywords that the authors of each paper used in journal search sites from 2013 to 2019. The present researcher analyzed the frequency, density, and centrality of the keywords of the indicators through semantic network analysis and then visualized them on the basis of findings using UCINET6 and the NetDraw program. Also, the researcher classified the hidden clusters by CONCOR (Convergence of iterated Correlations) analysis, which is a kind of cluster analysis. As a result, it was found that the keyword with the highest frequency was "exercise," followed by "cognition, "physical-activity," "old-women," "Korean," "fall," and "training." It was also found that most of the high-frequency keywords, such as "exercise," "cognition," "old-women," "program" and "depression" had high centrality. These keywords were classified into four clusters: (a) mental health research, (b) physical health research, (c) social behavior research, and (d) leisure efficacy research. This suggests that the old people-related research papers published in the JER have derived effective methods of maintaining physical and mental health using scientific exercise programs, and especially address the effects of exercise intervention for old women.
INTRODUCTION
The Statistics Korea (2019) has reported that it is highly likely that Korea will become a "super-aged society" in 2025 due to a severe low birth rate and accelerated aging. As the median age, which was 42.0 years in 2017, is expected to rise to 56.8 years, an increase of 14.8 years, during the next 30 years, it is urgently required to prepare heath care measures for the rapidly increasing old population.
As Korean society is rapidly transforming into a super-aged society, various attempts are being made in a variety of fields to prepare fundamental measures in response to the health problems of the old people. Above all, as physical activity has been scientifically proven to be an effective intervention tool for old people health care, it is being actively used as a national policy and other alternative means for reducing national health care expenses. In particular, reduction of muscle mass in the old people (Manini and Clark, 2012) may reduce their ability to perform daily activities, resulting in health problems (Scott et al., 2015) , whereas the habit of exercising on a regular basis prevents aging and increases physical strength, thus reducing the incidence of disease (Ngandu et al., 2015) . It also has a positive effect on the physical and mental health of the old people, such as preventing chronic diseases, improving physical function, increasing muscle strength, reducing depression, and relieving stress (Graham and Reid, 2000; Hicks et al., 2003) . For these reasons, our society recommends and encourages the old people to exercise more. This social trend is considered a subject of great interest in the academic field, and relevant studies are be-ing actively conducted (Jiang et al., 2020; Miller et al., 2019) .
Traditionally, many studies on physical activity of the old people have been conducted with various approaches such as comparison, analysis, and verification of effects centered on health and disease both in natural and social sciences (Ensari et al., 2017; Peterson et al., 2009) . In recent years, however, studies on the old people have been diversified in terms of research forms and methods according to the changing trends of knowledge, such as interdisciplinary convergent and combined studies, beyond single-level studies. Nevertheless, when looking at the trends in academic research on exercise by the old people in Korea, there is still considerable progress in specific subjects, with many dissertations and articles published in journals, whereas there are few studies on the research trends. More specifically, although a holistic view of "what physical activity and exercise have been identified as old people health intervention factors," "what areas need more improvement," and what "interests researchers have by the times" is required, the research on these characteristics is very limited. Therefore, it is very important to analyze the characteristics and forms of various studies on the physical activity of the old people according to the times. In addition, semantic network analysis, which can examine the relationship between each concept through structure and frequency analysis, as well as an analysis of how many specific concepts appear in a text, can identify other research trends, which is different from conventional research trend analysis.
Therefore, this research was conducted to analyze trends and the flow of knowledge in the elderly-related papers published in the Journal of Exercise Rehabilitation (JER) to investigate changes in the interests and analysis methods of researchers, thus providing information and implications for the academic knowledge system of old people physical activities through semantic network analysis. To achieve the purpose of this research, first, the keywords, the semantic connection of the keywords and the cluster characteristics of the keywords in the old people-related papers published in JER from 2013 to 2019.
MATERIALS AND METHODS

Subjects for analysis and data collection
This research was intended to analyze the trends in research on the physical activity of the old people using semantic network analysis methodology. To achieve the purpose of the research, papers with "elderly" in the title among the papers published in JER were selected as a population. The research subjects were selected and the data were collected on the basis of the following criteria and procedure.
First, a procedure for selecting the academic database (DB) for the collection of the studies on the physical activity of the old people was conducted. The selection of an academic DB is an important process for analyzing research trends (Li and Zhao, 2015) . This is because the contents and results of the research data to be examined vary depending on the method of selecting the academic DB. In this research, only the papers published in JER from 2013 to 2019 were selected as the DB. Second, to collect research on the physical activity of the old people in the selected academic DB, research data with the keyword "elderly" in the research title were collected. The research data search period was from 2013 to 2019, and the keywords in a total of 51 papers published in JER were selected as the final research subject data. Third, the data for the collected keywords were refined. During this process, conjunctions included in the keywords were removed and keywords representing the meanings of similar words and synonyms were integrated. In addition, general research terms were deleted, and keywords were arranged in consideration of spacing. The number of papers subject to analysis is listed in Table 1 .
Analytical method
In this research, the keywords in the 51 papers selected as the final subjects were analyzed with the following procedure. First, research text data related to "the elderly" were collected from JER. Second, the collected data were reprocessed to delete, combine or unify unnecessary post-positions, keywords, and synonyms. Third, frequency analysis was conducted and a matrix was generated by analyzing keywords using Textom. Fourth, keyword density was calculated; centrality analysis and Convergence of iterated Correlations (CONCOR) analysis were conducted and a network was visualized using the UCINET6 program and NetDraw program. The specific research procedure is shown in Fig. 1 . The main research method used in this research is semantic network analysis, a methodology that applies social network analysis intended to find a system structure by finding the relationships between components for communication messages. It is a useful research methodology for understanding the communication structure through shared meaning (Drieger, 2013) . Semantic network analysis is used for various terms, such as text network analysis (Sabot et al., 2017) . The keyword extraction program used in this research was Textom, which was developed on the basis of the Korean Key Words in Context (KrKwic) program, a Korean text analysis software developed by Park et al. (2005) . Textom is a big data processing solution that automatically collects data from various Internet channels by channel, refines them, and generates a matrix with a batch process. Next, analytic technology's UCINET6 was used to identify the structure of linkage between words and to analyze the degree centrality, thus quantifying the degree of relationship. In addition, for visualization, NetDraw was used to clearly express the relationships between words and to visualize the network between the keywords in the elderly-related papers. CON-COR analysis, which is intended to analyze the Pearson correlation of the co-occurrence matrix between words, identify blocks of nodes (keywords), and investigate the relationships between blocks, was used for structural analysis of the relationship between the hidden subclusters in the complicated network clusters (Li et al., 2019) .
Data integrity
In this research, triangulation and peer consultation were conducted to secure data integrity. First of all, the present researcher used a peer consultation method to prevent the interpretation of the derived results from having an overly narrow perspective. To that end, the researcher consulted one doctor in sports health management, two doctors in sports sociology, and one expert in measurement and evaluation on an iterative manner. In this way, the objectivity of the research was secured and defects that might appear in the interpretation of the results were minimized.
RESULTS
Extraction of keywords
In this research, the keywords in the 51 papers with a title containing the word "elderly" that were published in JER from 2013 to 2019 were analyzed. The keywords are listed in Table 2 using Textom, a Korean text analysis program. For research question 1, the researcher analyzed the keywords in the elderly-related papers published in JER. As a result of analyzing the frequency of key-words, it was found that the most frequent keyword was "exercise" (28 times), followed by "cognition" (13 times), "physical-activity" (11 times), "old-women" (9 times), "Korean" (9 times), "fall" (8 times), "training" (8 times), "program" (7 times) and "aging" (6 times).
Sematic network between keywords
In the semantic network analysis, indicators that identify the characteristics of the network subject to analysis include "density," "degree" and "centrality" (Lu et al., 2018) . Density is an indicator of how many relationships are between the nodes in the entire se- to which one node (keyword) is associated; and centrality is an indicator of how much each node constituting the semantic network is located in the center of the entire network. Centrality includes "degree centrality," "closeness centrality," and "between centrality" (Kang et al., 2017) .
Entire network of keywords
In this research, the keywords that appeared more than twice in the 51 elderly-related papers published in JER, except for the search word "elderly," are nodes, and the connections between the nodes are "links" or "edges." The characteristics of the semantic network subject to analysis are in general expressed in the indicators, such as "density" and "degree" (Sadria et al., 2019) . In this research, the density and degree of the semantic subject are as follows. In this research, the density of the semantic network was 0.350; the average degree of the keywords (each node) was 858; and the average degree was 17.160. The degrees can be presented by visualizing the entire semantic network using the NetDraw program, as shown in Fig. 2 .
Analysis of the centrality of keywords
Semantic network analysis was conducted for the 50 words that appeared more than twice among the keywords in this research (Table 3) . First, the researcher looked at the "degree centrality," "closeness centrality," and "betweenness centrality" in the top 50 keywords. In general, "centrality" is a measurement of how much each node is located in the center of the semantic network. As three representative indicators to measure the centrality of a node in a network, "degree centrality," closeness centrality" and "betweenness centrality" were presented (Prochnow et al., 2020) . These three indicators are the most frequently used in network analysis, and contribute to the development of various types of centrality concepts and indicators (Kang et al., 2017; Sadria et al., 2019) .
First, degree centrality, which shows how many links a node has with other nodes, is an ideal indicator for the measurement of "lo-cal centrality" (Prochnow et al., 2020; Taylor et al., 2017) . Table 4 shows the degree centrality in the keyword network in the elderlyrelated papers published in JER. The degree centrality in the keyword network in the elderly-related papers was visualized using the NetDraw program. As a result of analyzing degree centrality, it was found that "exercise" had the highest degree centrality, followed by "cognition," "program," "training," "elderly-women," "function," "depression" "Korean," "physical-activity," and "Korean." In conclusion, the keywords with a high degree are centered to link other keywords.
Second, unlike degree centrality, closeness centrality, which shows the distance between indirectly linked nodes in addition to directly linked nodes, is a measure of centrality on the basis of the distance between nodes (Chen et al., 2013) . The closeness centrality of the keyword network in the elderly-related papers published in JER is shown in Table 5 . As a result of analyzing closeness centrality, it was found that the closeness to other nodes was highest FreeClo., condensation distance matrix that adds 1 to the longest distance observed in the network plus 1, the sum of the path distances of the individual nodes, reciprocal, and N-1. It is calculated by multiplying; ValClo., average of the maximum path distance minus the path distances of the node pairs and is normalized based on the maximum possible value; RecipClo., inverse of the average.
in "exercise," followed by "cognition," "program," "old-women," "depression," "physical-activity," "Korean," "rehabilitation," "training" and "function." Third, betweenness centrality measures the degree to which a node is located "between" other points in the network. The more it is located on the geodesic, the higher the betweenness centrality of the node. In particular, keywords with high betweenness centrality are important in that even if they simply appear in the semantic network and the degree is low, it will be to communicate smoothly when they are excluded (Lee and Hong, 2013) . The betweenness centrality of the keyword network in the elderly-related papers published in JER is shown in Table 6 . As a result of analyzing betweenness centrality, it was found that "exercise" played the biggest role in mutually intervening and mediating keywords among other keywords, followed by "physical-activity," "old-women," "program," "cognition," "depression," "Korean," "training," "rehabilitation" and "fall." In conclusion, words such as "exercise," "cognition," "old-women," "program," "depression," "training," and "physical-activity," in general, appeared most frequently in degree centrality, closeness centrality and betweenness centrality, and are considered important subjects in the elderly-related papers published in JER.
Results of CONCOR analysis
As shown in Fig. 3 , CONCOR analysis was conducted to ana- lyze the characteristics of the semantic network of the elderly-related papers published in JER. As a result, keywords were classified into four subclusters, as shown in Fig. 3 . The keywords by each subcluster are listed in Table 7 . Cluster 1 is "mental health research," which includes words such as "exercise," "cognition," "depression," "dementia," "aging" and "frailty." Cluster 2 is "physical health research," which includes words such as "fall," "sarcopenia," "muscle," "obesity," "physical-performance," "strength," etc. Cluster 3 is "social behavior research," which includes words such as "social," "change," "experience," "physical-activity," etc. And Cluster 4 is "leisure efficacy research," which includes words such as "participation," "recovery," "resilience," and "leisure."
DISCUSSION
In this research, the present researcher analyzed research trends using the keywords in 51 papers published in JER . The results of sematic network analysis of the research during the period can be summarized as follows:
First, as a result of analyzing the keywords in the papers published in JER, "exercise" appeared most frequently, followed by "cognition," "physical-activity," "old-women," "Korean," "fall," "training," "program," "aging," "strength," "depression," "function," and "social." This suggests that "exercise" is used most frequently as the keyword in the elderly-related papers published in JER. In other words, "exercise" is more frequently used to verify the exercise effect and to present various exercise methods as elderly health intervention factors. Prior research on rehabilitation and exercise for the elderly, factors associated with physical activity of women aged over 75 in South Korea (Suh and Kim, 2018) ; Effects of exercise and nutrition education programs on motor function and eating habit in mild dementia patients (Cho and Kim, 2019) ; and Exploring the field application of combined cognitivemotor program with mild cognitive impairment elderly patients (Kim, 2018) also reported that exercise is effective and improves cognition. Meanwhile, the semantic network density of the key-words in the 51 elderly-related papers published in JER was 0.350, and the average degree of the keywords was about 17.160. This indicates that in high-density networks, the linkage between keywords is activated and various subjects are addressed. In the entire network, keywords such as "exercise, "cognition," "physical-activity" and "elderly," were located in the center of the entire semantic network, and these keywords were closely linked to other keywords in the papers published in JER.
Second, the sematic network centrality values of the elderly-related papers published in JER were analyzed and presented in the order of degree, closeness and betweenness centrality. First, for the top 10 degree centrality, "exercise" ranked first, followed by "cognition," "program," "training," "old-women," "function," "depression," "Korean," "physical-activity," and "Korean," indicating a high degree with other keywords. For the top 10 closeness centrality, "exercise" ranked first, followed by "cognition," "program," "old-women," "depression," "physical-activity," "Korean," "rehabilitation," "training" and "function," indicating high closeness to other nodes both directly and indirectly. For the top 10 betweenness centrality, "exercise" ranked first, followed by "physical-activity," "old-women," "program," "cognition," and "depression," "Korean," "training," "rehabilitation," and "fall," indicating that they play the role of mutual intervention and mediation between other nodes. Therefore, it can be seen that the elderly-related research in JER is aimed to improve the physical and mental health of the old people as well as to prevent senile diseases by suggesting new programs through the verification of the effects and methods of exercise.
Third, as a result of conducting CONCOR analysis on the keywords in the 51 elderly-related papers published in JER, the keywords were divided into four subclusters. Cluster 1 with "exercise," "cognition," "depression," and "dementia" was named "mental health research." Cluster 2 with "fall," "sarcopenia," "muscle," "obesity," "physical-performance," and "strength" was named "physical health research. Cluster 3 with "social," "change," "experience," "physical-activity," etc., was named "social behavior research." Clus- ter 4 with "participation," "recovery," "resilience," and "leisure," was named "leisure efficacy research." According to a report on elderly-related research, physical health (Hwang and Kim, 2015; Lee et al., 2020) , mental health (Annesi, 2012) , social ties (Miller et al., 2019) , and leisure behaviors (Novais et al., 2019) are important factors due to the characteristics of aging. Likewise, the elderly-related research papers published in JER, the effect of 12-week Pilates exercises on wellness in the old people (Roh, 2016) ; Development and validation of exercise rehabilitation program for cognitive function and activity of daily living improvement in mild dementia of old people (Choi et al., 2018) ; A Study of relationship between frailty and physical performance in elderly-women (Jeoung and Lee, 2015) ; Experience of sport stacking in Korean older adults have also considered these characteristics of the elderly (Park, 2017) .
With regard to the limitations of this research, as only the papers published in JER were used for the purpose of analyzing trends in the research related to exercise for health by the elderly, there is a need to collect papers published in other renowned journals in an objective and scientific way to analyze research trends more closely. Old people-related papers were examined by summarizing the research trends in the old people-related papers published in JER through semantic network analysis. The implications derived from this research are expected to serve as basic data for presenting directions for follow-up studies.
